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= (54) Title: PORTABLE, SELF-CONTAINED APPARATUS FOR DEEP VEIN THROMBOSIS (DVT) PROPHYLAXIS 



OS 

(57) Abstract: An entirely self-contained, patient-worn apparatus for deep vein thrombosis (DVT) prophylaxis, and other conditions 
I^J includes an inflatable/deflatable bladder (102) disposed against an extremity such as the upper calf (109), foot, or hand of a patient, 
•*^> or within a cast An inelastic member (106, 108) is preferably used to fully enclose the bladder and body part, such that compressive 
^ forces are directed substantially entirely against the body part of the patient when the bladder ( 102) expands, thereby conserving the 

power and reducing the volume of pneumatic compression required to operate the device. Given this conservation of energy, the 
Q invention may be battery operated from a source immediately proximate to the bladder arrangement, enabling the entire device to be 
^ self-contained and, in fact, worn by the patient The reduced volume also allows the use of miniaturized components including the 
^ compressor motor and compressor. 
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PORTABLE, SELF-CONTAINED APPARati ic 
FOR DEEP VE,N THROMBOSIS (D\^PROWIYUOCIS 

field Of fhp TmrpnHoy, 

This invention relates generally to body passaging 
appliances and, more partioularly, to a portable, self- 
contained apparatus for deep vein thrombosis prophylaxis. 

Background of Tn ..- Iirj| . ||| 
Persons undergoing surgery, anesthesia and extended 
periods of bed rest .or other inactivity are often 
susceptible to a condition xnown as deep vein thrombosis, 
or DVT, which is a. clotting of venous blood in the lower 

10 extremities and/or pelvis T hi« H„rf 

pexvis. mis clottxng occurs due to the 

absence of ocular activity in the lower extremities 
required to pump the venous blood (stasis) , local vascular 
injury or a hypercoaguble state. The condition can be 
Ufe-threatening if a blood clot migrates to the lung 
IS resulting in a "pulmonary embolus, or otherwise interferes 
with cardiovascular circulation. 

It is known that this condition may be controlled or 
alleviated by applying intermittent pressure to a patient ■ s 
lags to assist in blood circulation (venous return, . Many 
20 devices have been proposed, including compression boots and 
other inflation tube devices, but heretofore all of the 
proposed solutions have been complex, or bulky, or both 
and in each case, certainly not portable and self- 
contained. 

One reason why currently available devices are large 
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and complex is due to the fact that the precise level of 
pulsatile activity required to manage the condition is 
largely unknown. Commercial devices may therefore provide 
a more complex massaging action than is necessary. As a 
5 result, many existing devices include a plurality of 
inflatable chambers, spaced at intervals along the leg of 
a patient, with complex sequencing means being used to 
provide a vertical pumping action to direct blood flow 
through the leg and into the torso. Apart from the fact 

10 that such sophistication may be unnecessary in many cases, 
the use of a complex sequential pumping operation requires 
the use of a heavy and expensive drive unit, precluding 
portability. Devices of this type are described in U.S. 
Patent Nos. 4,013,069; 4,453,538; 4,702,232; 4,841,956; 

15 4,941,458; 5,014,681; 5,263,473; and 5,674,262, and 
elsewhere . 

Although less complex inflation devices have been 
disclosed, the descriptions rely upon conventional non- 
portable compressed-air sources. A case in point is U.S. 

20 Patent No. 4,153,050, which describes a DVT stocking used 
in conjunction with a tillable bladder having only a few 
chambers. The result is a less complex structure, however, 
even in this case, the bladders are interconnected to a 
remote air supply through an interconnecting conduit. No 

25 mention is made of true device self -containment . and 
portability. 

The need therefore remains, for a portable, self- 
contained, preferably wearable, device to prevent DVT and 
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like venous conditions. Such a device would also improve 
upon current devices which, being cumbersome in nature, 
lead to poor compliance on the part of the user, and are 
accordingly lees effective. Additionally, existing 
5 devices, which must be tethered to pneumatic control units 
are difficult to apply to the same extremity associated 
with a particular surgical procedure. For example, it is 
difficult to apply existing devices to the leg associated 
with same side hip surgery due to the required 
10 interconnections. 

Summar-y of thj, Tn"mH ■ m 
The subject invention improves upon the prior-art 'by 
providing an entirely self-contained, patient-worn 
apparatus for deep vein thrombosis (DVT) prophylaxis, and 
15 related conditions. According to a preferred embodiment, 
an inflatable/deflatable bladder is disposed against an 
extremity such as the upper calf, foot or within a cast. 
To treat edema, an inflatable/deflatable bladder may be 
disposed against at least a portion of the hand. a 
20 generally inelastic member is preferably . used to fully 
enclose the bladder and associated body part, such that 
compressive forces are directed substantially entirely 
. against the body part of the patient when the bladder 
expands, thereby conserving the power and reducing the 
25 volume of pneumatic compression required to operate the 
device. Given this conservation of energy, the invention 
may be battery operated from a source immediately proximate 
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to the bladder arrangement, enabling the entire device to 
be self-contained and, in fact, worn by the patient. The 
reduced volume also allows the use of miniaturized 
components including the compressor motor and compressor. 
5 The miniature pump is preferably capable of inflating 

the bladder to a desired level of pressure so as to augment 
venous return. A valve may be provided as a pressure 
release mechanism or, preferably, a natural bleeding of the 
system is relied upon for decompression following an 

10 inflation cycle. The electronics used to drive the 
compressor, which may be of the type used in commercial 
blood-pressure measurement cuffs, may be very simple, 
including a solid-state timer coupled to a relay or other 
appropriate switching means. 

15 A distinct advantage of the invention is that the 

device may be worn at all times, including the limb being 
operated upon during surgery. In an alternative 

embodiment, to further increase battery life, a sensor may 
be provided to detect movement of the limb (from which 

20 muscle contractions may be implied), such that, should the 
patient be walking or otherwise active, the pumping action 
is terminated. One or more mercury switches or other 
appropriate movement sensors may be utilized for such 
purpose . 

25 The inventive apparatus may additionally be programmed 

to decrease the rate of inflation/ deflation as a function 
of time, since it is known that the patient is most 
vulnerable during and immediately after surgery. Thus, the 
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inventive apparatus may automatically be pro g rammed te 

T 3 reUt1 ^ W * inflation/ de£1 atio„ rate 

^ing a sur gio al procedure, nut then taper off to a more 
infrequent cycling as a function of time. 

5 Br i ef Caasrictian of th - ri - n l ,, MJ 

FIGURE x is a drawin g which in ustrates an embodlmenc 
of the invention includin g a substantially ri gid outer 
shell operative to direct compressive forces into the upper 
calf region; 

» ««« 2 is a drawing „ hich illustratas 

components associated with operating a device accordi„ g to 
the invention; 

FIGURE 3 is a scheme diagram which illustrates 
preferred electrical circuitry associated with operati„ g 
15 the device of Figure 2; 

™«RE 4A is a diagram which shows , typical cycling 
between compression and non-compression according to the 
invention; 

FIGURE 4B ls . drawl „ 9 „ hich sW ^ 

Of compression/decompression may fall off as a function of 
time; 

««»« 5 is a sinplified dra „ lng of a £Qot _ worn 
alternative embodiment of the invention; 

FIGURE « is a drawing of yet a different alternative 
of the invention wherein a bladder is introduced in a cast, 
m this case a leg cast; 

FIGURE 7A is yet a further alternative embodiment of 
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the invention wherein a portable inf latable/def latable 
bladder is associated with a glove to treat conditions such 
as edema; 

FIGURE 7B is a drawing of a hand- applied embodiment of 
5 the invention wherein a larger bladder is placed on the 
back surface of the hand and; 

FIGURE 7C illustrates how apertures may be provided 
to the glove or other embodiments of the invention, thereby- 
permitting a breathable fabric while still being 
10 sufficiently inelastic to provide a requisite level of 
compression. 

Detailed Description of the Invention 
Now making reference to the drawings, Figure 1 
illustrates a preferred assembly according to the invention 

15 for placement relative to the upper calf of a human wearer. 
Upon reading this specification, it will be apparent to one 
of skill in the art that the depicted structure may be 
applied to other areas of the body through appropriate 
physical modification. 

2 0 In the preferred embodiment, a simple, single - 

chambered bladder 102 is disposed between a substantially 
inelastic outer shell and a compressible portion of the 
extremity, as against the calf muscle 109, as shown. In 
the depicted embodiment the inelastic outer shell is 

25 composed of rigid anterior and posterior shell components 
. 106 and 108, respectively, which are held in position using 
hook-and-loop straps 110. As an alternative to one or more 
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rigid components, an inelascic fafcr , o ^ alternac . veiy ^ 
employed as the shell material. 

■ m any ease, in the preferred embodiment the outer 
shell circumferentially encases the entire extremity, so 
5 that a minimum degree of bladder inflation achieves a 
desired level of compression, thereby conserving battery 
power. The bladder interconnects to a presentation unit 
"0 through an air path U3 . The presauri2ation ^ ^ 

is preferably mounted with resnect t-o a „ «. 

respect to an outer surface of 

10 the inelastic sHaH >-^« 

rc shell, resulting m an appliance which is 

entirely self-contained and portable. 

components which mahe up the electrical and pneumatic 
circuitry of the invention are depicted in Figure 2. These 
components include the bladder 1M and an electric motor/ 
15 compressor 2 04, which can be a very small device. The 
system further includes a pressure sensor 20S . and an 
optional pressure relief valve 207 which may be used with 
M ln Pla " ° f ' 3 controlled leak. A coupling 

208 places the bladder, compressor and pressure sensor/ 
20 switch in pneumatic communication with one another 
Electrical wiring ai0 interfaces to electronic circuitry 
best seen in Figure 3. Two. user controls 214 are 
preferably provided, one being an o H /OFF switch and the 
other being a hncb to control freguency of inflation 

As shown in Figure 3, a variable delay based on a 555 
timer is used to drive a relay CRi. The relay CR1 uses two 
sets of contacts - one normally opened and another which 
rs normally closed. The normally open set of contacts is 
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in parallel with the pressure switch to minimize chatter, 
while the other set of contacts is used to turn the 
compressor on and off. There are two batteries in this 
configuration. One is a 9-volt battery used to power the 
5 electronics, and the other is a 3 -volt battery dedicated to 
the compressor motor. The circuitry has been adjusted so 
that the batteries last at least a week. In terms of duty 
cycle, a 5 -Megohm potentiometer may be used to vary the 
inflation/deflation rate from once every minute to once 
10 every several minutes. Other repetition rates are possible 
through appropriate modification to the timing components. 

In operation, the compressor is activated to inflate 
the bladder to achieve a pressure sufficient to augment 
venous return. For example, it has been determined that a 
15 pressure on the order of 50 mm/Hg is adequate, though 
clearly the invention is not limited in this regard, and 
maximum pressure may be adjustable through appropriate 
component adjustment or modification. Deflation of the 
bladder may either be effectuated through a reliance on 
20 system leakage, or a controlled leak valve such as item 207 
in Figure 2 may be added for a faster, more precise rate of 
deflation. The pressure may also be "held" for a pre- 
determined period of time, as desired, until the onset of 
deflation. 

25 Figure 4A should help to illustrate the operation of 

the apparatus according to a preferred method. At time 
350, the unit is activated using the ON/ OFF switch, with 
frequency being adjusted using the potentiometer shown in 
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Figure 3 as discussed above. During time period 35i, the 
compressor is operative to i nfla t, the bladder untii the 
pressure switch detects a desired mxlmm pressurization, 
at which point the pressure switch closes at ties period 
5 352. This starts a time delay 354 wherein the relay cri is 
energized at the initiation of the delay period. m the 
event that an active pressure release valve is used, the 
valve is also energized to release pressure between cycles 
during the delay period 354. 

At the termination of the delay period 354, the time 

delay relay CRl drops out at , 

ouc at 356 > commencing another 

presentation cycle with the compressor being energized 
during period 358. and so on. The cycles continue in this 
fashion until the OH/OFF switch is turned off. 

With additional electronic sophistication, the level 
of compression, time delay of decompression, or the cycling 
between compression and decompression may individually or 
together be varied as a function of time to facilitate a 
particular treatment regime, or to save on battery power 
30 or both, as shown in Figure 4B, for example, the system 
may operate according to a manual mode during a surgical 
procedure, for example, wherein the cycling hetween 
compression and degression is relatively high. m the 
Chart of. Figure 4B, a figure of one cycle per minute has 
35 been chosen, though such a value is clearly exemplary and 
may be varied in accordance with component adjustment. 

The system may operate during this manual mode during 
surgery along p lateau 36 0, offering . relatively high 
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cycling rate between compression and decompression. At 
time 362, a user input (not shown) may be activated to 
place the system into an automatic mode whereby the cycling 
rate slowly drops off during the hours and days following 
5 surgery, so that in several days' time, the rate may reduce 
to one cycle every ten minutes at time 366, and even up to 
one cycle every hour or longer, as the case may be. It 
will be readily appreciated to one of skill in the art of 
circuit design, that, in order to accommodate these changes 

10 to the operation, the timer shown in Figure 3 may be 
replaced with a microcomputer or custom processor, with 
appropriate software programs and user inputs to carry out 
the actions just described. 

One advantage achieved through portability is that, at 

15 least with respect to total hip arthroplasty, the inventive 
device may be placed on the leg being operated upon. An 
additional advantage gained through self-contained 
portability is increased patient compliance. Current 
devices are cumbersome, often requiring nursing assistance 

20 to connect and disconnect tubing running from the 
compressor unit to the stockings. This results in many 
"unprotected" periods of time and thus decreased 
effectiveness. The convenience of this device will not 
require that it be disconnected to use the bathroom, for 

2 5 example. This is in contrast to existing devices which 
generally must be placed on the opposite leg until after 
the procedure. Although this arrangement provides a 
certain beneficial effect, a greater benefit is gained 
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POSitlonin9 on the sanei extremity as ^ be 

operated upon. 

To further increase battery l ife ^ , 

y me, and to enable a 
patient to wear the device at all h 
5 S ' in an alt ^native 

-odiment, a sensor is provided tQ dgtect ^ 

T " Wing 3Cti0n iS ~ ed to conserve 

preferably utilized for such purpose. 

10 inVenti ° n iS ~ to ieg application, and 

may be applied to any extrei.it,, ^ 

„ u . exCre '" lt S'. dependang on the condition 

- be treated or prevented F ^ re 

^ aUernatiVe e *° di ^ t - «- Mention, 
wherein a bladder 401 ia h»irf • • 

15 „ 9ainSt thS b ° ttom of ^e 

15 foot of a wearer 404 through the use of 

a tne use of a shoe-like 
structure 410. The D o^ a Ki« 1 

™e portable compressor unit 412 may be 

conveniently located on top of the w 

P or the foot as shown, with a 

P~c Una 414 interconnecting che ^ 
-adder 4 o, Velcro straps 420 may be provided 

r v : the appuance - Mth - h - — ~ - *. — 

"** ^™ -y be aitered t o the 

8 01 eVe " " P ° f f -'- *pe„di„ g on tbe way the 

-iastic « erisl co ^ rising the 

arranged. y 
' The invention is aiso appiicabie to existing oasts, as 

^ " Fi9U " «" - case. a blad der 502 

interconnected to a nnrh.Ki 

portable compressor unit 504 through a 

short pneumatic tube 506 would be niacin 

a 0e Piaced against the leg 
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and preferably taped into place. Although the bladder 502 
is shown on the back of the leg, it may also be positioned 
against the side of the calf, on the other side of the leg, 
or even in front, due to the inventive use of an inelastic 
5 outer shell. After this procedure, the cast would be 
applied to the leg or other appendage as normally done, 
with, perhaps, the final windings of the cast being used to 
hold the compressor unit 504 into place. 

Figures 7A-7C illustrate ways in which the invention 

10 may be applied to the hand, in this case more to treat 
conditions such as edema, as opposed to DVT. In Figure 7A, 
for example, a portable compressor unit 602 is mounted onto 
the top of a "glove-within-a-glove" structure 604 which 
. may, or may not, have finger openings 606. Pneumatic 

15 tubing 610 from the portable compressor unit 6 02 extends to 
the outer glove through connections to one or more of the 
fingers, for example, with the inflation and deflation 
thereof being controlled in accordance with the condition 
to be treated or avoided. 

20 Figure 7B illustrates an alternative embodiment 

wherein a bladder 620 covers the entire back of the hand, 
thereby providing compression against a larger area. 
Again, however, the portable compressor unit 622 would be 
" mounted or otherwise laminated to a glove structure 624 

25 with tubing 630 interconnecting the unit to the bladder 
620. As shown in Figure 7C, perforations or larger 
apertures 64 0 may be provided in between the areas 
containing the bladder (s), thereby rendering a breathable 
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nature to the fabric to avoid over-moistening of the skin 
and rashes and other condition which might result. So 
long aa the remaining structure of the fabric used for the 
appliance ia otherwise inelaatic, holes or apertures S40 
5 would not interfere with the low-power operation of the 
invention as described herein. 

Thus, what has been described is a portable 
compression/decompression device which may be applied to 
various areas of the body to prevent conditions such aa 
10 deep vein thrombosis, and to treat edema and like ailments 
in contrast to existing devices, the invention is entirely 
self-contained, enabling aH of the necessary components to 
be carried/worn by a user with the goa! being higher 
oompliance and greater effectiveness. Various embodiments 
IS Of the invention are aiso more discrete as compared to 
existing devices, enabling the wearer to be treated, while 
in some cases, others do not even rea li2a the inventive 

devices are in operation. For examule t-h= i 

1 example, the leg- worn units 

may be slim enough in profiie to be worn under trousers 
20 and the shoe embodiment such as that depicted in Figure 4 
may be shaped and. colored to look just like a piece of 
ordinary footwear. Even the giove embodiments associated 
with Figures 7A and 7C could be made very discrete, and in 
the form of a normal -looking glove. ' 
We claim: 
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1. Portable apparatus for deep vein thrombosis (DVT) 
2 prophylaxis, comprising: 

a substantially inelastic outer shell having an inner 
4 wall, the shell being dimensioned for wearing around a 

portion of a human extremity having an outer surface; 
6 an inflatable/def latable bladder disposed between the 

inner wall of the outer shell and the outer surface of the 
8 extremity; and 

self-contained, battery-operated electrical and 
10 pneumatic circuitry supported proximate the bladder, the 
circuity including an operator control operative to at 
12 least inflate the bladder on a regular and periodic basis. 

2. The apparatus of claim 1, wherein the circuitry 
2 includes: 

a miniature air compressor to inflate the bladder; and 
4 a pressure sensor in pneumatic communication with the 

bladder to terminate the operation of the compressor upon 
6 reaching a pressure established through the operator 

control . 

3. The apparatus of claim 1, wherein the 
2 substantially inelastic outer shell is a cast. 

4. The apparatus of claim 1, wherein the circuitry 
2 further includes means for deflating the bladder upon 

achieving a predetermined pressure. 
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5- The apparatus of claim 4, wherein the means for 
2 bating the bladder upon achieving a predetermined 
pressure includes a controlled leak valve/deflation valve 


«• The apparatus of claim i, wherein the 
2 substantially inelastic outer shell is di.ensioned for 
wearing around an upper portion of a human calf. 

7- The apparatus of claim l, wherein the substantially 
2 inelastic outer shell is dimensioned for wearing around a 
human foot. 


8- The apparatus of claim l, wherein the substantially 
2 inelastic outer shell is dimensioned for wearing around at 
least a portion of a human hand. 


2 


9- The apparatus of olaim x< „ herein ^ 
substantially inelastic outer shell is substantially rigid. 


10. The apparatus of claim !, ttherein the 
2 substantially inelastic outer shell is composed of a ncn- 

stretch fabric. 

11. The apparatus of claim 1, £ urcher including a 

2 sensor for operating the circuitry only „ hen the extremity 

has been substantially motionless for a predetermined 
4 period of time. 
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12. Portable apparatus for deep vein thrombosis (DVT) 
2 prophylaxis, comprising: 

a substantially inelastic outer shell having an inner 
4 wall, the shell being dimensioned for wearing around the 

upper portion of a human calf ; 
6 an inflatable/deflatable bladder disposed between the 

inner wall of the outer shell and the outer surface of the 
8 calf; and 

-self-contained, battery-operated electrical and 
10 pneumatic circuitry supported immediately outside the outer 

shell, the circuity including an operator control operative 
12 to at least inflate the bladder on a regular and periodic 

basis, 

14 the circuitry including: 

a miniature compressor operative to fill the 
16 bladder with air, and 

a pressure sensor operative to turn off the 
18 compressor upon reaching a predetermined bladder pressure. 

13. The apparatus of claim 12, wherein the inelastic 
2 outer shell forms part of a cast. 

14. The apparatus of claim 12, wherein the circuitry 
2 further includes means for deflating the bladder upon 

achieving a predetermined pressure. 

15. The apparatus of claim 14, wherein the means for 


WO 00/72797 

PCT/USOO/13484 

- 17 - 

2 deflating the bla dd er upon achieving ^ 

pressure includes a controlled leah valve/ d ef iation valve. 

16. The apparatus of claim io u 

<_xciim 12, wherein the 

2 substantial^ inelastic cuter shell is substantially rigid. 

17. The apparatus of claim io i. 

c±aim 12, wherein the 

2 substantially inelastic outer shell 

er sneii is composed of a non- 
stretch fabric. 


«. The apparatus of claim 14 wherein 


the 


2 substantially inelastic outer shell i, 

er sneii is dimensioned for 

wearing around an upper portion of a human calf. 


19- The apparatus of claim 14 wherein 


the 


2 substantially inelastic outer shell is Pensioned £or 
wearing around a human foot. 


20. The apparatus of claim 14 wherein 


the 


2 substantially inelastic outer shell im dimensioned ior 
"earing around at least a portion of a h UBl a„ hand. 
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